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ABSTRACT 


In a comparative field study, six pine forests differing in vitality, have been sampled tor 
microarthropods. Abundance of the oribatid mite Platynothrus peltifer decreased with 
decreasing vitality, while the total number of Collembola increased. In choice experiments, it 
appeared that the mite preferred a substrate pH in the range 8-9; two species of Collembola 
tested under the same conditions preferred pH 4. Body content of Mn was much higher in P. 
peltifer than in Collembola. It seems that P. peltifer is decreasing in less vital forest stands 
because of its preference for relatively alkaline micro-sites, and its high need for easily 
leached trace elements. Monitoring of sensitive soil invertebrates may contribute to tracing 
changes in soil processes in relation to forest decline. 


INTRODUCTION 


One of the theories to explain the presently seen forest decline syndrome holds that loss of 
forest vitality is due to changes in the soil induced by acidic precipitation. Soil acidification 
from atmospheric deposition is often greater than natural proton production in the soil (1), and 
may cause a loss of mobile elements, such as K, Mn, Mg and Ca (2,3). If changed soil 
processes are at least part of the forest decline problem, then one may expect that forest 
decline is accompanied by a rearrangement of the soil invertebrate community, because of 
the intimate contact of soil animals with the soil. 

Various authors have described changes in species abundance of microarthropods 
following experimental acidification (4,5,6,7,8,9,10), but a connection with forest vitality has 
not been made. In this contribution we present the results of a comparative study of six pine 
forests in the Netherlands that show gradual differences in vitality. 

In preceding research (11), it has been shown that, among twelve stands sampled in 1985, 
differences in vitality were correlated with a number of soil chemistry aspects and with soil 
fauna indices. More specifically, less vital stands had a low Mn concentration in the forest 
floor, a high C/N ratio, a low abundance of the mite Platynothrus peltifer, and a low relative 
abundance of the family Sminthuridae (Collembola). The present paper reports on field data 
from a similar sampling in 1986, from six of the original twelve sites. The field data are 
supplemented with results from laboratory experiments. 


MATERIALS AND METHODS 


Field studies 

Six Pinus sylvestris forests in the Veluwe area, the Netherlands, were selected in May 
1986, out of twelve sites originally sampled in 1985. The sites were selected so as to 
represent a gradient in vitality, but were otherwise more or less equal, especially with respect 
to soil type, age of the stand, and ground vegetation. Within each forest, a representative plot 
(20x20 m) was laid out and sampled by means of a split-corer (Ø 10 cm). From each plot, 
twelve cores (Ago-Ag layers) were extracted for microarthropods by means of Tullgren-type 
equipment (12). Collembola, Sminthuridae, Oribatida and Platynothrus peltifer were counted 
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for each core. Various soil chemistry aspects were determined as well, but are not reported 
here. The pH (H20) did not differ between the sites and was, on the average, 3.7 in the Ao, 
and 4.2 in the A, and B4 horizons. 

Vitality of each plot was judged by the number of year-classes of green needles in the 
crown of each of ten trees, using the scale 1/2, 3/4, 1, ...21/2. Three different people 
participated in the judgements. 


Preference experiments 

To test the substrate pH-preference of arthropods, a preference box was designed, and 15 
copies were manufactured by the Department of Fine Mechanical Instruments, Biologisch 
Laboratorium, Vrije Universiteit, Amsterdam. The box consists of a circular gutter, with a 
bottom divided into 16 equal compartments (Fig. 1). It was made out of perspex and 
manufactured by means of an automatic fraiser. Each compartment was filled with purified 
sand (40-100 mesh, BDH Chemicals), neatly to the brim, so as to create a completely flat 
substrate in the gutter, leaving only the edges of the partitions visible (1 mm thickness). Each 
compartment was supplemented with a phosphate-citrate buffer solution according to 
Mcllvaine (240 ul solution per g dry sand). To avoid possible effects of the ion strength of 
buffer solutions, the buffers of higher pH were diluted with deionized water, so as to achieve 
equal conductivity or equal osmotic value for all buffer solutions used in a series (e.g. for the 
pH range 2.2-5.2 the buffers had either a conductivity of 1.7 mS/cm or an osmotic value of 145 
mOsm). Since equal conductivity requires further dilution than equal osmolarity, the effect of 
different dilutions was compared in the experiments; however, no significant differences in 
preference were found and the results were combined. Dilution sometimes caused a slight 
increase in pH, which was neglected. 

Oribatid mites (P. peltifer) and Collembola (Orchesella cincta and Orchesella flavescens) 
were collected from the study area. The animals were maintained on a sand substrate 
humified by deionized water, for several weeks at 20°C. During the acclimation period, they 
were fed with green algae, scraped from tree bark. Experiments not reported here showed 
that ph preference was not influenced by pre-exposure to acid or alkaline conditions during 
acclimation. 

In the experiments on P. peltifer, four pH values were arranged in each of the preference 
boxes, as shown in Fig. 1. Sixteen mites were introduced in each box: one individual on each 
compartment. The boxes were left in a climatized room (20°C, 12L/12D), and were screened 
from sideways illumination by placing a cylinder (12 cm heigth) around each box. After four to 
seven days, the pH-position of each individual was noted, excluding animals on the lid, etc. 
For each series of trials, fifteen replicate preference boxes were run. In total, six of these 
series were completed, two for each of the pH intervals 2.2-5.2, 4.2-7.2, and 6.2-9.2. 
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Fig. 1. Scale diagram of the preference box used for determining pH-preterence of arthropods. Figures in the 
compartments show one of the arrangements of pH's. 
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Table 1. List of sampling sites, showing vitality in spring 1985 and spring 


1986. 
site local ~ average number of 
code name needle year-classes 
1985 1986 
A Landgoed Welna 1.4 1.4 
B Boswachterij Nunspeet 0.8 1.1 
E Leuvenumse Bos 1.0 1.0 
F Sprielderbos 1.3 14 
H Loobos 0.8 1.1 
L Stakenberg 0.8 0.9 


in the experiments on Collembola, two pH values were realized in each of the boxes. One 
of these was always 5.2, while the other was either 2.2, 3.2, 4.2 or 5.2. In each box, the pH's 
were arranged in an alternating sequence, e.g. 5.2, 3.2, 5.2, 3.2, 5.2, 3.2, ... . Each box 
received a single individual, which was introduced in the afternoon; in the following morning, 
its pH-position was noted. lf the animal was moving, no score was made. Fifteen replicate 
trials were run on a day, and the boxes were filled anew with clean sand and freshly made 
buffers each day. Only the pH-interval 2.2-5.2 was investigated. 


Analyses 

iron and manganese were determined in various samples of mites and Collembola (5 
individuals per sample). Samples were freeze-dried, weighed on an electrobalance to the 
nearest ug, digested in Ultrex grade HNO3/HCIO, (Baker), and analysed by graphite furnace 
atomic absorption spectrometry (Perkin Elmer 3030). In connection with the methods given in 
(13), various analytical techniques were explored for Fe and Mn analysis. Of these, best 
results were obtained when using L'vov platform furnaces with 0.5% Mg(NO3)o (ultrapure) as 
a matrix modifier. Atomization temperatures were 2400°C for Fe and 2300°C for Mn; 
pretreatment was done at 90°C and 130°C (two step drying), and at 1400°C (ashing). 
Linearity was obtained up to +200 ng ml-1 for both metals. Variation in procedural blanks 
allowed a detection limit of +10 ng mi-1 for Fe, and + 2 ng mi! for Mn. 
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Fig. 4. Distribution of Platynothrus peltifer, when exposed to combinations of four substrate PH's, arranged in a 
preference box according to Fig. 1. n = total number of animals scored. r = number of replicate trials. The actual pH's 
were 2.2, 3.2, 4.2, etc. 


RESULTS 


Table 1 shows the vitality of six sites sampled in 1985 and 1986. Taking local factors into 
account, two year-classes is considered as normal for developed Pinus sylvestris stands in 
the Netherlands. Although our survey was made in early spring and the average number of 
needle year-classes is higher in summer, it is clear that the majority of pine stands in the area 
is less vital to non-vital. In fact, only two sites (A and F) can be considered as vital. Comparing 
vitality in 1985 and 1986, it appears that the average vitality has somewhat increased, 
especially at sites B and H. This is in accordance with the general recovery of Pinus sylvestris 
in the Netherlands, in 1986 (14). 

The density of Platynothrus peltifer appeared to be positively correlated with vitality (Fig. 2), 
while the density of Collembola was negatively correlated (Fig. 3). The total numbers of 
Oribatida, and the density of the collembolan family Sminthuridae were not significantly 
correlated with vitality. It seems that, in a gradient of decreasing vitality there is a 
rearrangement of species among Oribatida, detrimental to P. peltifer, while, among 
Collembola, there are groups other than Sminthuridae (Isotomidae, Entomobryidae), which 
are benefitted. This may relate to the relatively epigeic mode of life of sminthurids, so that they 
are less influenced by changes in the soil than other Collembola. 

Results of pH-preference tests are given in Figs. 4 and 5. In all conditions tested, P. peltifer 
preferred the alkaline part of the range; rather unexpectedly, the optimum seems to lie around 
pH 9 or even higher (Fig. 4). The two collembolans Orchesella cincta and Orchesella 
flavescens did not discriminate between the pH combinations 2-5 and 3-5, but preferred pH 4 
when exposed to the combination 4-5 (Fig. 5). It seems that these collembolans dislike both 
pH 2 and pH 5 and are unable to choose when confronted with this combination. More 
extensive experiments on the pH-preference of mites and Collembola are in progress. 

Table 2 presents the results of Fe and Mn analysis. It appears that P. peltifer contains 10 
times more Fe and 50 times more Mn than O. cincta. Also, the concentration of Mn in P. peltifer 
is about equimolar to Fe, and exceeds the level of Mn in the forest floor and in green algae 
(one of the food items for both species). 


DISCUSSION 


The field observations from 1986 reported here, are in good agreement with those from 1985 
(11). Taken together, they suggest that, in a gradient of Pinus sylvestris stands of decreasing 
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Fig. 5. Distribution of Orchesella cincta and Orchesella flavescens, when exposed to combinations of two substrate 
pH's, arranged in a preference box in an alternating sequence. Since individuals were tested singly, the number of 
animals (n) equals the number of trials (r). The actual pH's were 2.2, 3.2, 4.2, etc. The combination 5/5 served as a 
control on the procedure. 


vitality, there is an increase of total Collembola and a rearrangement of species within the 
Oribatida. The fact that the species that decreases in abundance (Platynothrus peltifer) has a 
pH optimum in the alkaline region (pH 9), strongly suggests that the gradient of decreasing 
forest vitality also represents a gradient of increasing acidification, possibly related to 
differences in soil fertility. The acidification gradient is not, however, apparent from the bulk pH 
(+ pH 4 for all sites). How soil pH varies on a scale comparable to the dimensions of 
microarthropods is unknown. The acidification process could diminish the number of alkaline 
microsites, which are preferred by P. peltifer, and thus could cause this species to decrease 
without a change in bulk pH. Monitoring of microarthropods may be a more sensitive way of 
tracing soil acidification than determining chemical changes. 

The present results also support the soil-centred theory of forest decline, which holds that 
irreversible changes in the soil, induced by acidic precipitation, are the main cause of decline 
(1,15). Since diagnostic fertilization may reduce the symptoms (16), it is also clear that nutrient 
shortage, either induced by leaf damage, or by soil impoverishment, is of particular 
importance. In our study, vitality was positively correlated with soil Mn (11), and this element 
could therefore play a crucial role in the study area. The possible importance of Mn is also 
consistent with the high body concentration of Mn in P. peltifer, compared to Collembola. 
Apparently, the mite has a high need for this element; Mn depletion in acidified soils could be 
another reason for its decrease in abundance. Since we know of no other publication 
reporting Mn levels in microarthropods, there is little to compare. 

Changes in the soil arthropod community following artificial acidification have been 
described by several authors (4,6,7,10). As a group, Collembola react positive to mild 
acidification, although this is mostly due to a few acidophilic species, while certain acid- 
sensitive species decline (4,7). However, others (10) have found a decrease of Collembola 
upon acidification. Oribatids have been observed to increase (6) or to stay equal (4) under 
experimental acidification; within this group also, different species react differently. Although 
P. peltifer has not been reported as an acid-sensitive species by others, our results are in 
general agreement with those of the Swedish research, if the vitality gradient is seen as a 
gradient of soil acidification. 

Experimental evidence on the performance of soil animals on pH-adjusted substrates is, 
as yet, incomplete. Among earthworms, there is an accepted classification of species on the 
basis of their pH tolerance ranges (17,18). Carabids show pH-preferences in the range 3.3 to 
7.7, with differences between species that correspond to their occurrence in the field (19). 
Collembola have been investigated by several authors (20,21,22); based on various criteria 
(egg production, substrate choice, absorption of moisture by the ventral tube), pH-optima are 
usually in the weakly acidic region (pH 5 to 6), except for acidophilic species such as 
Tullbergia krausbaueri. Judged by our results, Orchesella cincta and Orchesella flavescens 
both belong to the acidophilic species. Among oribatids more comparative material is needed. 
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Table 2. Average concentrations of Fe and Mn in mites and Collembola 
(+ standard deviation), compared to the range of concentrations found 
in coniferous forest litter (Agpo-Ay horizons), and in green algae 
(Pleurococcus), scraped from tree bark. Data on Orchesella cincta and 
green algae were obtained from (23). 


Fe (umol/g) Mn (mol/g) 
Platynothrus peltifer 9.9 +3.4 14.9 +3.8 
Orchesella cincta 1.0340.18 0.29+0.05 
Forest floor 40-75 0.9-2.6 
Green algae 20-30 0.5-0.6 


It was rather unexpected to find a pH-preference of 9 for P. peltifer occurring in forest litter with 
a bulk pH below 4. More comparative ecophysiological research aimed at mineral nutrition 
and water relations could support the interpretation of community changes in the field. 
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